Abstract-It is shown that the interpolymer complex of poly(silicic acid) and poly(ethylene glycol) formed in the organic solvent benzene is thermodynamically more stable than the corresponding complex with PMMA. Therefore, poly(silicic acid) prepared via template polycondensation conducted in the presence of poly(ethylene glycol) contains a smaller amount of defects (branches and crosslinks) than the same polymer obtained in the presence of PMMA. To provide evidence for the interaction between poly(silicic acid) and PMMA, the dynamic light scattering method with the use of "invisible" macromolecules has been applied for the first time.
1 As is known, the hydrolysis of tetraacetoxysilane is accompanied by the polycondensation of the silicic acid being formed [1] . When hydrolysis is carried out in water saturated benzene solutions of PEG [2, 3] and PMMA [4] , the polycondensation of silicic acid proceeds according to the template mechanism to yield interpolymer complexes of poly(silicic acid) (PSA) with PEG and PMMA, respectively. The PEG-PSA interpolymer complex is insoluble in ben zene. Its composition (ϕ = [PEG] : [PSA] ≈ 2 : 1 (base mol/mol)) indicates that the structure of daughter PSA chains is close to linear [3] . When the polycondensation of poly(silicic acid) is performed under certain conditions (at an excess of this polymer) in the benzene solution of another macromolecular template, PMMA, transparent solutions of PMMA-PSA complexes form (uncomplexed PSA is insoluble) [4] . The finding that one product of the template poly condensation of poly(silicic acid) is insoluble and the other product is soluble was used in this study to com pare the thermodynamic stability of interpolymer complexes of PSA with each of the macromolecular templates. With this aim in view, the competition between PMMA and PEG to bind with PSA was investigated. The selectivity of cooperative interac tions between macromolecules with respect to the 1 This work was supported by the special purpose agency program Development of the Scientific Potential of the Higher School (2006) (2007) (2008) , project RNP 2.1.1/2159.
chemical structure of polymer chains may manifest itself both in the preferential binding of growing (daughter) chains with one of the macromolecular templates present in the reaction system and in the replacement of macromolecules of one of the poly mers composing the interpolymer complex with mac romolecules of another chemical structure [5, 6] . The results of this study allowed certain conclusions to be made about the structure of PSA synthesized in the presence of PMMA.
EXPERIMENTAL PEG (Ferak, Germany) with М = 40000 was used as received. PMMA with М = 5 × 10 5 was prepared through the bulk free radical polymerization of MMA, which was purified by a standard procedure, with the use of AIBN as an initiator. The intrinsic vis cosity of the polymer was determined in chloroform solutions with the aid of an Ubbelohde viscometer. The molecular mass of the polymer was estimated from the formula , and α = 0.80 [3] . Tetraacetoxysilane, which was syn thesized as described in [7] , was recrystallized before use (Т m = 110°С).
Silicic acid was prepared through the hydrolysis of tetraacetoxysilane in a benzene solution of one of the polymer competitors (PMMA or PEG) 0.15 and 0.07 g/dl, respectively. The reaction was car ried out in a closed vessel at 25°С under constant stir ring over a day. To provide intake of water from the gas phase into the reaction zone, a necessary amount of distilled water was applied on a filter paper that was then placed over the reaction mixture. Precipitates that formed both during the reaction in solutions of PEG or the PMMA-PEG mixture and after intro duction of PEG into the transparent solution of the preformed interpolymer complex PMMA-PSA were separated by centrifugation and dried first in air and then in vacuum at 60°С for 3 days. It is noteworthy that, after centrifugation, supernatants were not fully transparent, evidently owing to the presence of small amounts of a highly dispersed PEG-PSA complex. Both the products remaining in supernatants after sep aration of precipitates and the products being formed through the hydrolysis of tetraacetoxysilane in the PMMA solution (without PEG) were obtained by evaporation of the solvent in air followed by drying via the same technique. Thermogravimetric analysis (TGA) was performed on a MOM Q 1500 derivatograph (Hungary) in the temperature range 20-500°С at a heating rate of 5 K/min. Al 2 O 3 was used as a standard. The IR spectra of films applied on KBr plates were recorded on a Nicolet 750 Magna spectrophotometer (United States).
Dynamic light scattering measurements were con ducted at an angle of 90° with a Photocor Complex scattered laser light photometer (United States) equipped with a 10 mW He-Ne laser (λ = 633 nm) as a light source. Before measurements, all solutions were passed through membrane filters with a pore diameter of 0.5 µm.
The autocorrelation functions of scattered light intensity fluctuations, g 2 (τ), were measured with a Photocor FC 288 channel correlator (United States). The mathematical processing was performed accord ing to the regularization method with the use of DynaLS software through the equation [8] , where a is the numerical parameter, z(D) is the func tion of distribution of scattering particles over diffu sion coefficients, is the wave vector, τ is the time of signal retention, n is the refractive index of the medium, and θ is the angle of scattering. The hydrodynamic radii of scattering particles were estimated from diffusion coefficients through the Ein stein-Stokes relationship: [Si] ≈ 2 (base mol/mol)) forms. In this complex, there are two PEG monomer units per silicon atom. At z < 2, the insoluble product is a mix ture of the interpolymer complex PEG-PSA and free PSA formed after consumption of PEG. The relation ship z = 2 was used in all experiments of this study, namely, when PSA was synthesized in the presence of PEG or with the mixture of this polymer with PMMA and when PEG was added to the solution of the pre formed interpolymer complex PMMA-PSA.
In accordance with [4], the soluble products result ing from the template synthesis of PSA in the benzene solutions of PMMA form at initial ratios of [PMMA] :
[Si] ≥ 2 (base mol/mol). The IR spectra and TGA measurements of the products obtained after evapora tion of the solvent indicate that they contain PMMA and the product of polycondensation of poly(silicic acid). Since PSA is insoluble in benzene, we assume that the solubility of the products of template polycon densation is ensured by free fragments of PMMA chains in particles of the nonstochiometric interpoly mer complex PMMA-PSA, which appears when the macromolecular template is in excess.
In this study, we have directly confirmed that the complex of PMMA and PSA occurs in such transpar ent solutions. For this purpose, dynamic light scatter ing has been applied for the first time to measure the hydrodynamic radius of particles of the complex including PSA and "invisible" macromolecules. The method is based on the fact that the refractive indexes of the solvent (benzene) and PMMA are almost the same (1.501 for benzene and 1.492 for PMMA). Therefore, the macromolecules of PMMA are invisi ble and their sizes cannot be determined by light scat tering. However, if these macromolecules are com plexed with particles of the other substance (in this particular case, PSA), the refractive index of which differs from that of the solvent, then these particles dif fuse into the complex with invisible macromolecules and the overall size of the particles (i.e., micelles), including this complex, can be measured by laser light scattering.
The radius of the equivalent sphere for free macro molecules of PMMA with the known molecular mass in benzene may be estimated with the use of parame ters of the Mark-Kuhn-Houwink equation 
